Abstract. An overview of several ATLAS measurements of top quark pair production in proton-proton collisions at the LHC at center-of-mass energies of 7 and 8 TeV is presented. Inclusive cross-section measurements of top quark pair production in various decay channels, analyses of differential cross-sections, studies of additional jet activity in top quark pair production, as well as an analysis of top quark pair production with associated heavy flavor jets are presented. All of the measurements shown are in good agreement with the latest Standard Model predictions.
Introduction
The Large Hadron Collider [1] (LHC) has delivered proton-proton collisions at center of mass energies of √ s = 7 TeV and √ s = 8 TeV during 2011 and 2012. The energies and luminosities delivered have allowed the ATLAS experiment [2] to collect an unprecedented large sample of top quark pair (tt) production events. This document describes seven recent measurements of the top quark pair production cross-section from the ATLAS experiment. Inclusive measurements of σ tt are covered in the single lepton channel at √ s = 8 TeV (Section 2), in the hadronic tau plus jets channel at √ s = 7 TeV (Section 3), and in the hadronic tau plus lepton channel at √ s = 7 TeV (Section 4). A measurement of the production of tt events with additional heavy flavor is then presented (Section 5), followed by a measurement of tt production with a veto on additional central jet activity (Section 6). Also shown are differential cross-section measurements with respect to the tt invariant mass (m tt ), transverse momentum of the tt system (p T,tt ), and the tt rapidity (y tt ) (Section 7), and finally, a study of the production of tt in association with additional jets (Section 8) is shown.
Inclusive measurements provide a valuable test of Standard Model predictions using state of the art perturbative QCD calculations. NNLO cross-sections at √ s = 7 TeV and √ s = 8 TeV are calculated to be [3] +6.2 −6.4 (pdf) pb (2) where scale refers to uncertainties on the renormalization and factorization scales, and pdf refers to the uncertainty from parton distribution functions.
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In the single lepton channel, one of the two W bosons from the tt pair decays into light quarks which subsequently hadronize into jets, while the other W boson decays to an electron, muon, or leptonically-decaying tau lepton together with the corresponding neutrino. This analysis [4] uses 5.8 fb −1 of √ s = 8 TeV data and selects events with large missing transverse momentum ( E T ), large W transverse mass (m T (W)), 1 and one electron or muon with transverse momentum p T (ℓ) > 40 GeV. Furthermore, three or more jets with transverse momentum p T > 25(jet) GeV are required, and one or more jet must be tagged as a b-jet candidate. The MV1 [5] algorithm at 70% b-tagging efficiency operating point is used to identify jets arising from a b-quark. A likelihood discriminant fit is then employed to distinguish tt and W+jets contributions and to determine their relative normalizations. The discriminant employed in the fit is constructed from the transformed aplanarity (A ′ = exp −8A) 2 and lepton pseudorapidity, as shown in Figure 2 . The cross-section is measured to be
The measurement is dominated by systematic uncertainty, the primary component of which is signal modeling uncertainty (11%).
1 For an event with a neutrino and charged lepton, the transverse mass
, where p T is the transverse momentum, φ is the azimuthal angle, and ℓ and ν refer to the charged lepton and the neutrino, respectively.
2 Aplanarity, A, is defined as A = 3 2 λ 3 , λ 3 being the smallest eigenvalue of the normalized momentum tensor calculated using the momenta of all jets and the lepton. 
Tau plus jets channel at
In the tau plus jets channel, one W boson decays to light quarks that hadronize to jets, while the other decays to a tau neutrino and tau lepton, which subsequently decays hadronically. This channel allows a test of flavordependent effects in top quark decays as well as studies backgrounds in certain new physics searches, such as those predicting a charged Higgs boson decaying as H ± → τ ± ν τ . The ATLAS cross-section measurement in this channel [6] uses 1.67 fb −1 of data taken at center of mass energy √ s = 7 TeV. Events are selected with five or more jets with transverse momentum p T (jet) > 20 GeV, two or more of which must be b-tagged jets. This all-hadronic final state is selected using a dedicated high-level trigger b-tagging algorithm. A likelihood fit to the track multiplicity (n track ) distribution is performed with three templates: the tau/electron template (containing signal event candidates), the gluon-jet template (mainly from multi-jet events), and quark-jet template (from background tt and W+jets), shown in Figure 2 . Backgrounds are estimated from Monte Carlo simulation and subtracted to extract the total number of signal events. The cross-section is then found to be
The leading uncertainties are from initial/final state radiation (ISR/FSR) (15%) and event generator model uncertainty (11%).
Tau plus lepton channel at
The tau plus lepton channel consists of a final state with one W boson decaying to a tau neutrino and tau lepton that decays hadronically, while the other W decays to an electron or muon and neutrino. Measurements in this channel are motivated by searches for t → bH ± (H ± → τ ± ν τ ). For this measurement [7] , three or more jets with at least one b-tag and one electron or muon are required, along with missing transverse momentum E T > 30 GeV. Events are marked as same sign charge (SS) or opposite sign charge (OS) based on the reconstructed charge of the lepton and the tau candidate. Since tau candidates in the SS sample are almost entirely fake tau leptons and candidates in the OS sample are a mixture of fake and real, fake tau removal is achieved by subtracting SS events from the OS signal region. Since most processes contribute more to OS events than SS events due to correlation between the lepton charge and the leading quark charge, additional discriminating power between real and fake tau candidates is needed. A boosted decision tree (BDT j ) is employed to separate hadronic tau decays from jets in candidate events, yielding the distribution shown in Figure 3 . The background template in this fit is derived from 0 b-tag control sample after subtracting true tau events modeled from Monte Carlo simulation. The distribution of the output of BDT j is fitted to extract the cross-section, that is measured to be σ tt = 186 ± 13(stat.) ± 20(syst.) ± 7(lumi.) pb (5) 5 tt plus heavy flavor at
Top quark pairs can be produced in association with additional heavy flavor (HF) jets resulting from hadronization of b-and c-quarks. The tt+b+X and tt+c+X final states are irreducible backgrounds for measurements of tt + H with H → bb, and are also important for studying new physics signatures coming from four-top final states or composite Higgs models. To study this process, we measure the ratio [8]
where σ fid (tt + HF) is the fiducial cross-section measured from dilepton events with at least 3 b-tagged jets, and σ fid (tt + j) is the fiducial cross-section measured from dilepton events with at least 3 jets, 2 of which are btagged. The fiducial volume is defined to contain two charged leptons (ℓ = e, µ) with transverse momentum p T (e) > 25 GeV or p T (µ) > 20 GeV and pseudorapidity |η(ℓ)| < 2.5, and 3 or more jets with transverse momentum p T (jet) > 25 GeV and pseudorapidity |η(jet)| < 2.5. This measurement is performed using 4.7 fb −1 of √ s = 7 TeV data. A maximum likelihood fit is employed to separate light and heavy flavor using two-dimensional templates binned in vertex mass and jet p T , shown in Figure 4 . The fit is performed in three mutually exclusive bins of b-jet purity whose boundaries are defined at operating points of 60, 70, 75% b-jet efficiency. The dominant uncertainty in this analysis comes from the fiducial flavor composition F b/HF , which is defined as the fraction of tt+HF events with additional b-quarks. Events with b-jets are reconstructed with a higher efficiency than events with c-jets, so the total reconstruction efficiency for tt+HF events depends on how the HF is divided between b-and c-jets. The variation of R HF as a function of the fiducial flavor composition is shown in Figure 5 . The ratio is measured to be R HF = [7.1 ± 1.3(stat.)
which is consistent at 1.4σ with A [9] and 0.6σ with P [10] Monte Carlo predictions.
tt production with a veto on additional central jet activity
The gap fraction is defined as
where N is the number of selected events, and n(Q 0 ) is the subset of events that do not contain an additional jet within a defined rapidity region with p T (jet) > Q 0 . A measurement of the gap fraction events in various rapidity regions is performed [11] on 2.05 fb −1 of √ s = 7 TeV data. This measurement is motivated by its ability to significantly constrain tt modeling uncertainties and reduce their impact on precision top quark measurements. Events are chosen from the dilepton channel, requiring two oppositesign high-p T leptons (e, µ) and at least two b-tagged jets. Additional requirements are placed on dilepton invariant mass and missing transverse momentum ( E T ) or H T (the scalar sum transverse momenta of visible physics objects) depending on the channel. The data are then corrected for detector effects to produce parton-level results. Due to the high purity of the sample (over 70% in each bin), a correction factor is derived for each bin to correct the reconstructed Q 0 distribution to a parton-level distribution. MC@NLO [12] , A, S [13] , and P Monte Carlo event generators are compared, and different settings for parameters controlling initial state radiation (ISR) are tested in samples simulated with AMC [14] . The study finds that each generator configuration predicts too much forward jet activity. In addition, MC@NLO is found to predict too little jet activity in the most central rapidity region. The findings of this analysis can be used to constrain the range of ISR uncertainties, as shown in Figure 6 .
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16003-p.3 Figure 6 . The measured gap fraction as a function of Q 0 for |y| < 0.8 (left, center) and |y| < 2.1 (right) [11] . The measurement is compared with the prediction from several generators (left) and from the AMC generator for different settings of the P [18] parton shower parameters (center, right).
Relative differential tt cross-section as a function of m tt , p T,tt , y tt
A recent analysis [15] measures the differential tt crosssection, 1 σ dσ dX , with respect to three parton-level kinematic observables, X = m tt , p T,tt , and y tt , using 2.05 fb −1 of data at √ s = 7 TeV. These measurements provide a way to test the Standard Model at a more detailed level, especially in the m tt distribution that can be sensitive to new physics contributions via s-channel tt production. Events are chosen from the lepton plus jets channel, with a cut on the kinematic likelihood assigned to events consistent with the tt hypothesis. Exactly one reconstructed electron or muon with transverse momentum p T (e) > 25 GeV, p T (µ) > 20 GeV is required, with large E T and m T (W) and at least four jets with transverse momentum p T > 25(jet) GeV, at least one of which is b-tagged. After subtracting backgrounds, distributions are unfolded from reconstructed quantities to parton-level quantities to make the crosssection measurements. This unfolding process uses a response matrix (R i j ) derived from simulated tt events that describes the relation between reconstructed and partonlevel observables. The response matrix is inverted numerically to determine true differential cross-section distributions. The distributions found are in good agreement with the Standard Model, as shown in Figure 7 .
Jet multiplicity in tt events
Differential cross-section measurements in bins of particle-jet multiplicity are performed using 4.7 fb −1 of data at center of mass energy √ s = 7 TeV [16] . These measurements are important to understand and constrain uncertainties on initial and final state radiation in top events and test perturbative QCD. Measurement are performed with N jets binned in jet transverse momentum thresholds of 25, 40, 60 and 80 GeV. Events are chosen from the lepton plus jets channel, requiring a single electron or muon, with transverse momentum p T > 25(ℓ) GeV, E T > 30 GeV, m T (W) > 35 GeV, and three or more jets with transverse momentum p T > 25(jet) GeV, at least one of which must be b-tagged. Backgrounds are subtracted and signal events are unfolded into the particlejet multiplicity distributions shown in Figure 8 . Data are compard with predictions from several Monte Carlo generators, including A+P with variations on α S constrained by Ref. [15] . The measurement is limited by systematic uncertainties. At low jet multiplicities, background model uncertainties are more significant and jet energy scale becomes the most significant source of uncertainty at high jet multiplicities. The data are found to disfavor the MC@NLO+H [17] model, which predicts a lower jet multiplicity spectrum and generally softer jets.
Summary
In every inclusive, differential, and associated production measurement of σ tt , results agree well with latest SM theory predictions. ATLAS is testing Standard Model predictions involving the top quark with ever increasing precision using the full data sample collected in 2012 collisions at √ s = 8 TeV. 
Figure 7.
Relative differential cross-section versus m tt (left), p T,tt (center), and y tt (right) [15] . Note that only the bin ranges along the x-axis (and not the position of the vertical error bar) can be associated to the relative differential cross-section values on the y-axis. The relative cross-section in each bin shown in Table 3 is compared to the NLO prediction from MCFM [19] . The measured uncertainty represents 68% confidence level including both statistical and systematic uncertainties. The bands represent theory uncertainties.
Predictions from MC@NLO and A are shown for fixed settings of the generators' parameters. 
